The Chebyshev matrix collocation method is applied to obtain the spatial modes of the Orr-Sommerfeld equation for Poiseuille flow and the Blausius boundary layer. The problem is linearized by the companion matrix technique for semi-infinite domain using a mapping transformation. The method can be easily adapted to problems with different boundary conditions requiring different transformations.
INTRODUCTION
The linear stability of hydrodynamic problems is governed by the Orr-Sommerfeld equation. For parallel shear flows, along with homogeneous boundary conditions, this equation constitutes an eigenvalue problem. For temporally evolving flows, the eigenvalue is the complex frequency and the problem becomes linear in the eigenvalue. Although for small amplitude disturbances temporal evolution is a good approximation t o the laboratory f l 0~7 , the correct physics of the problem can be obtained only through the calculation of spatially evolving modes. In the Orr-Sommerfeld equation, these modes are given in terms of the wave number and for these situations, where the complex wave number is the eigenvalue, the Orr-Sommerfeld equation becomes a nonlinear eigenvalue problem.
The numerical solution of the Orr-Sommerfeld equation by matrix methods requires an efficient means of discretization. Since shear flows have steep gradients near the boundaries, it is natural to seek for a discretization with clustering or streching in these regions.
Orszagl's pioneering work demonstrated the usefulness and accuracy of Chebyshev spectral methods for solving the linear eigenvalue problems. Chebpshev methods naturally cluster collocation points in the vicinity of the boundaries and are more accurate than fourth-order finite differences on a stretched mesh with the same number of grid points.
Several techniques to solve the temporal (linear) eigenvalue problem are discussed by Canuto et d.', where the Chebyshev-tau method is favored over the Chebshev collocation matrix method because of the difficulties in the latter concerning the imposition of the boundary conditions. However, the collocation matrix method is easier to formulate and the boundary conditions do not pose a problem provided that they are applied near the boundaries, i. e. only the first and last few rows of the matrix are modified. Furthermore, the Chebyshev-tau method requires major modifications for each new mean velocity profile or for a new coordinate transformation3. Under similar conditions, the Chebyshev collocation matrix method necessitates no significant changes. Recently, Laurien4 implemented the Chebyshev matrix collocation method to solve the temporal generalized eigenvalue problem for the Blausius boundary layer and obtained very good results.
Laun'en4 used an even number of collocation points obviating the need for the explicit imposition of the homogeneous boundary conditions at infinity. Note that Chebyshev polynomials automatically satisfy these conditions at the mid-point of the Chebyshev collocation domain which corresponds to infinity in the physical space. Using his tech- They employed the companion matrix method of Bridges and Morris', however they did not present the eigenvector distributions corresponding to the least damped eigenvalue.
In this work, the Chebyshev collocation matrix method is combined with the companion matrix method to solve the non-linear spatial eigenvalue problem for channel and Blasius boundary layer flows. The semi-infinite domain of the Blausius flow requires a mapping transformation and presents a challenging problem for the method under consideration. In addition to the least damped eigenvalues, we also present the corresponding eigenfunct ion distributions.
GOVERNING EQUATIONS
The stability of the parallel shear flows is governed by the Orr-Sommmerfeld equation, 
SOLI TION PROCED'I RE
The applied numerical procedure uses the Chebyshev-Gauss-Lobatto points for the y-direction discretization 13
